Bacterial strain 16-12 was isolated from the root nodules of lupines and was found to be mitomycin C-inducible for the production of a bacteriophage ("16-12-1") with a long noncontractile tail. The phage was found to attach with a fork-like terminal tail structure to the pili of strain 16-12. In addition, it was also found adsorbed to the bacterial cell poles. It is suggested that phage 16-12-1 may be pilus dependent.
Only the "spherical" RNA-containing bacteriophages and the filamentous phages with single-stranded DNA were previously known to attach to the pili of their bacterial host. Recently, Bradley (5, 6 ) described a new type of pilus-dependent phage ("PO4") from Pseudomonas aeurginosa, which has a long noncontractile tail, contains double-stranded DNA, and appears to be virulent towards its host strains. This paper describes a bacteriophage, 16-12-1, morphologically similar to phage P04, which is probably also pilus dependent. It is produced by a bacterial strain, 16-12, newly isolated from the root nodules of agriculturally used sweet lupines; the strain has been tentatively classified as Rhizobium. It has a generation time of about 105 min when grown with aeration at 30 C in a liquid culture containing 8 g/liter of Oxoid nutrient broth. In general, the materials and methods employed in this study have been described previously (13) . A preliminary characterization of phage 16-12-1 was given recently (phage 16-12-1 had been originally named "LZ" [12] ).
The production of phage 16-12-1 proved to be inducible with mitomycin C (MC). For the induction a culture of growing bacteria of strain 16-12 (cell titer: about 2 x 108/ml) was divided into two portions. One-half received 6 yg of MC per ml, while the other half remained untreated. After an overnight incubation of both cultures in nutrient broth at 30 C, phage 16 Free 16-12-1 phage particles were observed only very rarely in the induced bacterial lysate (see inset of Fig. 1) . Instead, the phages were found attached either along the length of isolated pili (Fig. 1) or to the poles of 16-12 cells (see Fig. 3 ).
The head of phage 16-12-1 appears hexagonal in outline and is about 59 nm in diameter. Many of the attached phage tails are without a head. The spherical bodies marked "M" on Fig.  1 may represent empty phage heads detached from the tails during the procedure of negative staining. Phage particles adsorbed to the cell poles were observed with either full-or emptyappearing heads (see Fig. 3 ).
The tail of bacteriophage 16-12-1 is about 141 nm in length and 12 nm in diameter. If oftens shows fine cross-striations (see Fig. 4 ), indicating that its structural subunits may form annuli. Its free end has the appearance of a fork (in the case of attached particles; Fig. 1, 2, and 4) or of a ring (in the case of some free particles; see inset of Fig. 1) . The "prongs" of the fork-like structure may consist of short fibers or bundles of fibers, which can fold around the bacterial pilus.
Bacteriophage P04 of P. aeruginosa also attaches to the bacterial pili with a terminal tail structure; the latter appears bar shaped when viewed in profile (5, 6) . In the case of the related P. aeruginosa phage M6, which is also pilus dependent, the bar-shaped structure was resolved electron microscopically into sets of three fibers, each with a knob at the tip (8 pili (P) of strain 16-12. Attachment occurs with the fork-like structure (F) at the end of the flexible phage tail. Many tails without heads are attached to the pili. The structures marked M may be phage head membranes. The inset shows a free phage 16-12-1 particle. Phage and pili stem from a growing culture of strain 16-12, which had been induced by UV light (at 254 nm). Negative staining was with 2% phosphotungstate at pH 7 16-12. The arrowhead points to the fork-like terminal tail structure, which appears to be in contact with the cell surface. Cell and phages stem from a MC-induced bacterial culture. Negative staining was with uranyl acetate (2%, pH 4.8).
of attached M6 phage particles appear to be wrapped round the bacterial pilus.
Phage P04 was found to adsorb to the cell poles of its host (5-7) where the bacterial pili are inserted (1). Preliminary observations indicate that (most of) the pili of strain 16-12 may also be inserted at the poles (Fig. 3) .
In analogy to the proposed models for the adsorption of pilus-dependent bacteriophages (1-4, 6-8, 11, 14) , it is assumed that the attachment of phage 16-12-1 to the bacterial pilus leads to pilus retraction. This would draw the phage to the cell surface, where it would adsorb to a specific receptor. Adsorption would be followed by the injection of the phage nucleic acid. Not only the attachment to the pilus, but also the adsorption to the final receptor is probably mediated by the fork-like terminal tail structure (Fig. 4, see arrow) .
It has been proposed that pilus retraction may also be involved in the formation of starlike clusters of mating Pseudomonas echinoides cells (10, 15, 16, 17) and of mating pairs of Escherichia coli (14) . The star-like clusters are also formed by fertile strains of Rhizobium lupini (9) and were occasionally observed with strain . Additional studies of the phage 16-12-1 adsorption may therefore prove useful for the analysis of pilus function in rhizobial conjugation.
